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Understanding Genetic and Environmental Risk
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Most major chronic diseases probably result from environmental factors accumulating over time in
genetically susceptible persons. A detailed family history assessment can help identify the subset
of the general population with a strong predisposition to certain major diseases. An understanding
of the environmental factors promoting disease development will facilitate more effective prevention
or delay disease in a targeted susceptible population. To effectively use this growing knowledge in
genetics and epidemiology, health professionals need to motivate people to follow sound recom-
mendations forpreventing anddelaying disease.

To increase the efficiency and effectiveness of strategies for health promotion and disease
prevention, family history data can help determine those diseases for which persons have the
greatest risk: They can then concentrate theirprimary efforts on those preventive measures that will
most likely benefit them.
(Williams RR: Understanding genetic and environmental risk factors in susceptible persons, In
Personal health maintenance [Special Issue]. West J Med 1984 Dec; 141:799-806)

W, hat determines which diseases will most likely develop
in a person? Is there a way to predict which few spe-

cific illnesses should be of greatest concern to a given healthy
person? Realistically, will many persons effectively comply
with all of the well-publicized recommendations for detecting
early or preventing numerous common diseases? Can physi-
cians help target a few screening and preventive measures of
greatest value to specific persons? An understanding of the
genetic and environmental determinants of disease can pro-
vide a solid rationale for more effective prevention, earlier
detection and more specific and more effective treatment of
disease. The following are the practical steps required to
accomplish these goals.

Genes Plus Environment Equals Disease
Many common diseases seem to occur among genetically

susceptible persons who have been exposed to the appropriate
environmental factors. Age also plays an important role in the
development of most diseases, but age probably represents
the accumulated effects of both genetic and environmental
factors over time. Many diseases also show different rates of
occurrence according to sex. This probably represents either
environmental or inherited differences between men and
women. While some diseases appear to occur on a totally
chance or unpredictable basis, the actual role of chance or

random events seems to diminish considerably as more infor-
mation is uncovered about the pathophysiologic mechanisms.

Several major types of environmental factors are listed in
Table 1. Some of the first and most dramatic discoveries in
preventive medicine came from infectious disease epidemi-
ology. Application of that knowledge has led to the eradica-
tion or control of illnesses such as smallpox, polio, typhoid
fever and tuberculosis, which were previously the most
common causes of morbidity and mortality. Current epidemi-
ologic studies focus on the causes of major chronic diseases.
Early successes are already suggested by decreasing death
rates for stroke and coronary diseases in the United States.I
Studies of general populations and control subjects in clinical
trials report improving profiles for major risk factors such as
cigarette smoking,2 hypertension3 and hypercholesterole-
mia.4 One would hope that continued application of ex-
panding knowledge of environmental factors listed in Table 1
could lead to eradicating and controlling the chronic diseases
that are currently the major health problems in well-devel-
oped countries ofthe world.
Some of the environmental factors listed in Table 1 aggre-

gate strongly in families, accounting for some of the familial
disease aggregation. Thus, the detection of smoking-related
diseases within a family may help target a family with "a
smoking tradition" that needs to be broken with a conscien-
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GENETIC AND ENVIRONMENTAL RISK FACTORS

tious and cooperative effort ofhealth professionals and family
members.

Different types of genetic factors affecting disease occur-
rence are described in Table 2. Perhaps the genetic effects
most easily understood are those following simple Mendelian
inheritance. When biochemical or chromosomal markers
have been discovered to trace the gene carriers, it can be
shown that in some cases the genes are "highly penetrant,"
with a large percentage of persons who carry the gene also
expressing the disease, such as men who have familial hyper-
cholesterolemia. In other cases, genes have been found to
have "low penetrance," with most of the gene carriers not
expressing the disease, such as those who have insulin-depen-
dent (type I) diabetes mellitus. One of the main goals of
current research is to identify gene markers for specific inher-

TABLE 1.-EnvironmentalFactorsAffecting Disease Occurrence

Biologic and Immunologic
Bacteria
Viruses
Fungi
Protozoa
Insect and animal vectors
Allergens

Personal Habits andLife-style
Smoking
Physical exercise
Dietary intake

Chemical Exposures
Toxins
Pollutants
Medication
Solvents, fumes
Contaminants

Physical Environment
Climate
Radiation (ultraviolet, gamma and x-ray)
Physical trauma

Social/Psychological Milieu
Marital and family status
Occupational satisfaction and stress
Learned skills and coping capacity

Shared Environment in Groups
Families (spouse, siblings)
Geographic locations (sun exposure, altitude)
Ethnic and racial groups (diet customs)
Religious groups (health codes, sex taboos)
Individual communities (water supply)
Countries (food-processing systems)

TABLE 2.-Types of Genetic FactorsAffecting Disease Occurrence

Major Genes (one ortwo loci,fewalleles)
Dominant, recessive or additive?
Gene frequency high or low?
Autosomal or sex-linked?
Totally penetrant?
Partially penetrant?
Factors affecting penetrance (age, sex, environmental factors, other

genes, chance)?
Polygenes (many loci and/oralleles)

Blending of effects, none predominate or stand out
Often blending with environmental factors (multifactorial)

Mixture ofMajor Genes and Polygenes
Noticeable effect ofmajor gene (same characteristics as above)
Background variation around each major gene phenotype due to poly-

genes

ited diseases and then identify the environmental and life-style
differences between gene carriers who do and do not express
the disease. Future prevention strategies will use this knowl-
edge to prevent disease occurrence in known gene carriers
detected soon enough to modify their environmental expo-
sures.

Probably most physiologic traits and many diseases repre-
sent the blending of the effects of many different genes,
so-called polygenic traits. There is often an additional
blending of environmental factors leading to a truly multifac-
torial etiology. In addition, there is often a mixture of both
major gene and polygenic effects in the population. As an
example, serum cholesterol level is a polygenic trait in the
general population, with a small but important percent of
persons exhibiting major gene effects with very high serum
cholesterol levels and a risk for early heart attack. In addition,
there are environmental factors that can have substantial ef-
fects on a person's serum cholesterol level regardless of their
major gene or polygenic determinants of serum cholesterol.
A person's integrated risk of disease will represent the sum-

mation of genetic predisposition from major genes and poly-
genes, interacting with specific environmental factors whose
strength and duration of exposure combine to produce a
person's individual disease risk.
Some diseases may involve a large number of genetic and

environmental factors.5 While many of the details are still
being identified by research studies, simple intuition can help
us to see these principles in operation. In most heavy cigarette
smokers, lung cancer does not develop. They must be persons
who either lack genetic susceptibility or possibly even have
genetically determined resistance to the well-documented car-
cinogenic effects of cigarette smoking. Figure 1 shows lung

3.8%

Cigarette Nonsmokers
Smokers

Figure 1.-Lung cancer rates by family history and smoking status
(from Tokuhata6). + FHx = positive family history, - FHx = negative
family history.

THE WESTERN JOURNAL OF MEDICINE800



GENETIC AND ENVIRONMENTAL RISK FACTORS

cancer rates reported for smokers and nonsmokers with and
without first-degree relatives who have lung cancer. Whereas
smoking and familial predisposition each seem important,
their combined effects are most dramatic.

Past studies of Japanese men have shown rates of early
coronary heart disease less than a fourth those observed in
young men in the United States.' Initially one might have
suspected that these differences were due to genetic factors.
However, a study of Japanese men living in Japan, Hawaii
and California showed parallel increases in serum cholesterol
levels and early coronary heart disease rates.8 Both were
lowest in Japan, intermediate in Hawaii and highest among
Japanese men living in California. This suggests that among
genetically similar persons, significant changes in environ-
mental exposures have dramatic effects on disease occur-
rence.

Diseases With Genetic Predisposition
Hundreds of well-defined major gene syndromes leading to

rare genetic diseases have been described.9 Methods for
screening and genetic counseling are well developed and often
efficiently applied for some of these rare disorders. The main
emphasis ofthis report is to concentrate on the possible benefit
that can be gained from increased awareness of genetic predis-
position to common chronic diseases encountered often by
practicing physicians. Some of these common- chronic dis-
eases are summarized in Table 3. Perhaps the most striking
example is early coronary heart disease. Several approaches
indicate that a very strong family predisposition to early coro-
nary heart disease occurs in about 5% of the families of the
general population, and yet these coronary-prone families
account for more than 50% of cases of coronary disease oc-
curring before age 55 .10-12 In about a fourth of these families,
a single serum cholesterol test may identify greatly elevated
levels as the major inherited causal factor.'0 While coronary
disease usually develops by age 45 in men who have familial
hypercholesterolemia, there is evidence that men who carry
this gene could be protected by healthy environmental factors.
Pedigree analyses of great-grandfathers of current hypercho-
lesterolemic coronary victims found definite gene carriers
living in the 1 800s who survived into their 60s, 70s and 80s
(R. R. Williams, MD, and colleagues, unpublished data, De-
cember 1984). Developing data from clinical trials also sup-
port the feasibility oflowering coronary risk through the treat-
ment ofhypercholesterolemia. " "1

Preliminary data suggest that 34% of high-risk families
have cigarette smoking as the only known concordant risk
factor among brothers with coronary disease in their 30s and
40s.'I Thus, in some persons, avoiding or stopping smoking
may totally eliminate a very high risk for premature coronary
disease. Results of this study of high-risk coronary families
also suggested a magnified detrimental effect of cigarette
smoking among coronary-prone men regardless of their un-
derlying risk factor.'0 Multifactorial risk reduction may have
its greatest practical benefit in high-risk families.
Hypertension also seems to play a significant role in about a

fourth of coronary-prone families. Methods for early detec-
tion and treatment ofhypertension are already well developed
and practiced by many physicians. If these efforts are concen-
trated in high-risk families, the benefits could be substantial.

Opportunities for early detection and risk factor modifi-

cation for the prevention of other strongly familial diseases
are suggested by the list in Table 3. A detailed discussion of
each of these disorders individually is beyond the scope ofthis
review. Just to reinforce the potential for current practical
application of intervention in high-risk families, a few other
examples will be cited. Cancers of the breast, colon and lung
are the most common and the most familial.'5

In a study of 1,000 population-based breast cancer deaths
in Utah a third of the patients had sisters with breast cancer,
suggesting a strong familial tendency (Mark Skolnick, PhD,
unpublished data, August 1980). Preliminary reports already
suggest possible chromosomal markers to identify persons
carrying this genetic predisposition.'6 Table 3 lists several
reported environmental risk factors for breast cancer. 17-21 It is
possible that genetically predisposed persons have a multipli-
cative risk from exposure to these variables and could benefit
from their removal. Even if control of environmental risk
factors does not completely eliminate the familial risk of
breast cancer, applying effective screening procedures (breast
self-examination, physician screening, mammography and
the like) can lead to the early detection and surgical cure of
breast cancer in many ofthese women.
Colon cancer is also strongly familial in certain persons.

Some knowledgeable gastroenterologists working with high-
risk families strongly feel that careful screening of high-risk
persons can result in early detection of colonic polyps before
cancer has developed or spread and effectively eliminate the
risk of metastatic colon cancer in most persons with strong
predispositions.22
The combined contributions of genes and environment to

lung cancer are dramatically shown in Figure 1. From this
illustration it is self-evident that avoiding cigarette smoking is
an important preventive measure for persons who have rela-
tives with lung cancer.
The application of this preventive strategy is not limited to

common and prominent diseases such as cancer and coronary
heart disease. While they are less common and perhaps less
well appreciated, disorders such as hemochromatosis should
also be targeted for preventive strategies. In the past, this
disorder has often gone undiagnosed. Accumulating iron
stores in heart tissue or pancreas have led to heart failure or
diabetes mellitus. Unsuspecting physicians have provided
only symptomatic treatment, with eventual early death of pa-
tients. Screening tests can now be used among close relatives
of patients known to have hemochromatosis to identify those
carrying the disorder.23 Frequent phlebotomy is an effective
treatment that should eventually produce a normal life span in
persons carrying this disorder.

What Can Be Learned From a Thorough
Family History
A thorough family history can help answer questions like

these: Did a genetic predisposition play an important role in
this person's early heart attack? Do close relatives need
screening or further follow-up? How strong is this family
disease tendency? Does it affect men and women the same?
What is the usual age among family members at onset of
disease? Before what age should screening and preventive
measures be instituted? Which risk factors have been present
in affected family members? What is the pathophysiologic
mechanism leading to the disease? What specific suggestions
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TABLE 3.-Chronic Diseases Thought to Have Genetic Predispositions

Disease Pathophysiology (or Hypotheses) Genetic Details Environmental Factors

Coronary heart disease Familial hypercholesterolemia
(especially early disease) LDL receptor defects

Other high cholesterol
Dominant
?7

Low HDL
Endothelial factors
Platelet factors
Apolipoproteins

Diabetes I and II See below
Hypertension (especially early See below
onset)
Multiplicative interactions of family
history and risk factors

Dietary fat
Saturated fat
Polyunsaturated
Total fat intake
Exercise, alcohol, diet

Smoking
S

See below
See below

Hypertension and diabetes

Heterogeneous
Age at onset
Severity? Cause?

Type I diabetes mellitus Islet cell destruction
(insulin-dependent) Immunologic cause

Type II diabetes mellitus Insulin resistance
(non-insulin-dependent) or

Decreased production

Estrogen-related
Certain benign tumor precursors

See below

Polygenic?
Major gene?
Highly penetrant?

Recessive?
<50% penetrant
HLA linkage and association on
chromosome 6

80% to 100% penetrant
Dominant?
RFLP association to insulin gene on
chromosome 11

Some dominant
50% to 90% penetrant in some families

Several different types of syndromes Some dominant
Often benign polyps are precursors

Chemical carcinogens from k
environment encounter enzymatically
susceptible subjects

Known familial aggregation±smoking

Rheumatic heart disease Immunologic cross-reactivity to Familial aggregation
bacteria and heart valves

See below

Salt, stress, obesity
Polyunsaturated fat

Viral infection
Seasonal variation
Complications a function of blood sugar control
for years

Obesity
Dietary sugar and fiber
Exercise protective
Complications a function of blood sugar control
and function

Age when first child born
Obesity
Dietary fat
Alcohol use
Female hormones

Fiber intake
Dietary fat (converted by bacteria to
carcinogens)

Cigarette smoke
Environmental pollutants
Radiation exposure

Group A ,B-streptococcal bacterial infection

Asthma and other
allergies

Immunologically reactive Familial aggregation

Autoimmune disorders Autoantibodies to thyroid, adrenal, HLA-linked on chromosome 6
synovium, platelets

Rheumatoid arthritis
Hashimoto's thyroiditis and Graves' disease
Addison's disease
Idiopathic thrombocytopenic purpura
Type I diabetes mellitus
Systemic lupus erythematosus

Psychiatric disorders
Manic-depressive
Depression
Schizophrenia

Kidney stones

Many possible allergens-fur, dust, pollen,
mold, etc.
Avoidance to prevent

Viral infections trigger immune responses

Neurochemical disorders in brain Strongly familial and likely genetic in twin, Uncertain influence
tissue adoption and family studies Several dramatic drug therapies for

manic-depression and depression

Mineral-acid-base imbalance Very familial Milk?
Soda pop?
Other fluids?

Gallstones Fat, cholesterol, bilirubin balance Quite familial Dietary fat
Obesity?

ATPase=adenosine triphosphatase, G6PD= glucose-6-phosphate dehydrogenase, HDL=high-density lipoprotein, HLA=human leukocyte antigen, LDL=low-density
lipoprotein, RFLP=restriction fragment-length polymorphism
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Stroke

Hypertension

Breast cancer

Colon cancer

Lung cancer
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Disease Pathophysiology (or Hypotheses) Genetic Details Environmental Factors

Obesity Less energy wasted? Major genes in animals Dietary fat, sugar and total calories
(probably very I Thermogenesis in brown fat? Clusters in families Stress, etc. affecting appetite
heterogeneous) Other basic energy differences like Assortative mating Exercise level

ATPase pumps? Monozygotic twin similarity
"Thrifty gene"? > dizygotic

Racial group (American Indians and Cultural perceptions (attractive to be fat or
Polynesians) thin?)

Gout Several different enzynx defects Several autosomal major genes Dietary intake of meat and the like
found

Multiple sclerosis Autoimmune demyelination of HLA association Slow virus?
nerve fibers Poorly penetrant Climate-dependent

Monozygotic twins often discordant

Peptic ulcer disease Excess acid production and/or Biochemical markers of affected subjects Stress
decreased mucosal resistance Variable penetrance Diet

Dramatic drug therapy

Hemolytic anemia G6PD deficiency X-linked recessive Aspirin
Red cell hemolysis precipitated by Antibiotics
exposure to drugs or infections Infections

Lactose intolerance Deficiency of lactase enzyme in Very common in blacks Milk products
intestinal mucosa

Alcoholism Associated with other psychiatric Familial (due to genes and/or family Ethyl alcohol intake
disorders environment?) Social factors
Possible neurochemical origin?

Hemochromatosis Increased iron absorption Linked to HLA on chromosome 6 Treat with phlebotomy and prevent organ
Recessive damage from iron loading
Penetrant

ATPase=adenosine triphosphatase, G6PD= glucose-6-phosphate dehydrogenase, HDL=high-density lipoprotein, HLA=human leukocyte antigen, LDL=low-density
lipoprotein, RFLP=restriction fragment-length polymorphism

could be given for disease prevention, screening and treat-
ment?

Current research is concentrating on identifying specific
syndromes and separating out the heterogeneity of many
common chronic diseases such as diabetes mellitus, coronary
disease, hypertension and cancer. Family history information
will be increasingly useful in helping to identify these specific
syndromes. This improved understanding ofpathophysiology
will lead to better prevention, screening and treatment.

How to Obtain a Good Medical Family History
The usual brief screening family history taken by a physi-

cian during a workup should include three questions. First,
does the person know of any medical problems that tend to run
in the family? Next, have any close relatives (parents, grand-
parents, siblings, aunts, uncles or offspring) had premature
(before age 55) heart disease, cancer, diabetes mellitus, high
blood pressure, stroke, bleeding disorders, emotional illness,
serious problems with allergies or neuromuscular problems?
Third, what was the age of onset and treatment for any rela-
tives reported to have the disease? Even such a brief family
history will often flag striking family problems that deserve
further attention.
A detailed family history should be obtained when a brief

family history suggests a possible disease tendency. It begins
with enumerating all first- and second-degree relatives (see
Figure 2). List at least first names to facilitate further ques-
tions and accurate communication. For each person, list vital
status, age (now or at death) and cause of death. For specific
targeted diseases that seem to occur in the family, the age of
onset should be recorded for each family member with the

disease. This is especially important for common diseases
such as high blood pressure, diabetes mellitus and coronary
heart disease in which an early age at onset would indicate a
strong family history whereas a later age at onset may not be a
flag of a positive family history at all. The number of spouses
and children of each person and their current location or
location at death can be useful as a springboard for further
information gathering, screening and preventive measures.
To decrease the expense of family history screening,

self-administered questionnaires have been developed and pi-
loted among families of 12,000 high school students in Texas
and Utah.24 Self-administered questionnaires filled out by
families in their own home have the advantage of allowing
them to contact relatives to obtain information or to even
review their own medical records or prescriptions while
filling out the forms. Probably the best accuracy can be ob-
tained from a combination of self-completed questionnaires
subsequently reviewed by a physician or a nurse.

If a positive family history is indicated, further verification
is often worthwhile before initiating extensive measures of
screening and prevention in family members. For those rela-
tives indicated to have specific diseases and risk factors, con-
tacting these relatives to obtain the details of their medical
problems and copies of the medical records can help distin-
guish about 10% to 30% of false-positives that may be re-
ported in many family histories. Heart operations for
rheumatic valvular heart disease will often be confused with
coronary disease; benign growths may be confused with
cancer and so forth. Only detailed medical records will help
distinguish some ofthese confusing situations.
The fourth and final level of family history evaluation is the
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TABLE 4.-Medical Family History

When
1. Patient with disease

that might be familial
Check family history

2. Patient might have disease
Check family history

3. General screening tool
Broad family history overview

Wxhat is learnedfrom a detailedfamilyhistory?
1. Is it familial? 6. Pathc
2. How strong a tendency? 7. Whic
3. Affect men and women alike? 8. Age t
4. Usual age at onset? 9. Best i

5. Which risk factors involved? tre

Why
1. If positive family history,

help close relatives avoid the
same problem

2. Positive family history
increases suspicion
Special tests or monitoring
may be justified

3. Be alert to family tendencies
Plan future screening procedures

ophysiology?
ch relatives need help?
to start screening?
way to prevent, screen or
at?

detailed investigation of a pedigree, including screening of
family members when a particular disease is sought. Among
families with hypercholesterolemia, blood specimens should
be obtained from first-degree relatives of known affected per-
sons. Sequential screening should in turn be focused on the
next set of first-degree relatives of the persons found affected
in the screening process. Members of a family at high risk for
colon polyps and cancer should receive special screening for
occult fecal blood, polyps and the like.
Of these four levels of family history evaluation (brief

screening, detailed family history, verification and pedigree
investigation), all except the first require special preparation,
a substantial investment of time in training persons for col-
lecting and processing family history information and consci-
entious follow-up in collecting material. A thorough family
history will not be free. On the other hand, where family
tendencies would appear to be present, an investment of sev-
eral hundred dollars for personnel time and forms is probably
more helpful than many laboratory tests of equal or greater
expense generally applied in medical evaluations.

Need for Sensitivity to Patients' Privacy and
Feelings Regarding Their Family History
Will highlighting a person's positive family history induce

stress or relieve it? Should a strongly positive family history
always be brought to the attention ofa person? Ifmeasures are
available for screening, prevention and more effective man-
agement of the disease for persons aware of their positive
family history, then the net benefits of family history assess-
ment outweigh the possible detrimental effects. In many
cases, such as significant early coronary disease or breast
cancer, the family members are usually aware of their family
tendency but are often not aware of measures that can be used
for better detection and prevention. Experience with mem-
bers ofcoronary-prone pedigrees indicates that, whereas most
of them are generally aware of their disease tendency, few of

them are really receiving maximal medical support and help
in screening and prevention.
While collecting and sharing family history data, health

professionals should carefully protect the privacy of the pa-
tient. Information should not be shared even with a patient's
relatives without express permission and notification. Illegiti-
mate children, multiple marriages and sensitive illnesses are
all details that may be embarrassing to persons if shared with
others, including some close relatives. Probably the best ap-
proach is to have each family member interested in a family
history evaluation complete detailed family history forms.
Completing these forms will require communication among
family members, in which case they will be mutually sharing
information that they feel is appropriate.

Genetic counseling approaches one of the most sensitive
areas of medicine. Health professionals should help patients
operate within their own personal beliefs and not force beliefs
upon them. Ifthere is any need to discuss issues such as family
planning, prenatal diagnosis and abortion, these topics should
be dealt with carefully. Health professionals should educate
patients regarding their options, but allow them to make their
own decisions.

Expected Developments in the Near Future
Technologic advances are rapidly producing tools for char-

acterizing specific syndromes. This will allow efficient dis-
section ofthe heterogeneity ofmany common syndromes such
as early coronary disease, obesity and hypertension. A better
understanding of the steps leading to the disorders in specific
persons will pave the way for more specific management
tailored to the mechanism ofa disease's occurrence.
Dramatic advances in identifying major gene effects should

follow the rapid application of genetic markers. In the past,
geneticists have used a variety of cell and tissue antigens and
protein polymorphisms in an attempt to identify chromosomal
linkage with major gene traits. The success of these efforts in
the past has been hampered by the high expense of obtaining
these marker studies, the inconvenience of diverse biologic
samples required to cover available markers and, perhaps
most important, the lack of a high degree of polymorphism
required to produce useful information from many mating
situations studied. With only two or three different forms of a
marker, spouses often have identical haplotypes, making it
impossible to detect disease associations in offspring and sib-
lings.

Restriction fragment-length polymorphisms (RFLP) rep-
resent a recent dramatic breakthrough in gene marker strate-
gies." Under this new system variations in biochemical
patterns oftheDNA molecules themselves are examined. One
single biologic specimen (DNA material from the nuclei of
leukocytes from about 50 ml of ordinary venous blood) has
the potential ofproviding polymorphic gene markers that can
map major genes on virtually any chromosome in the body.
Most geneticists familiar with this new technology project
that within several years they will have discovered RFLP
markers equally spaced across each chromosome of the body
that will make it possible to map approximately 95% ofmajor
genes. The leukocyte specimens can be frozen for future use,
and the prepared DNA material can be analyzed multiple
times for different markers, allowing much more efficient use
ofthe specimens taken from patients.
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TABLE 5.-Why the Gap in Applying Pathophysiology for Prevention?

Needs Sample Shortfalls

Educating health professionals . . . . . . . . . . . . . .Some still think "You can't change genes, so you can't help someone with a positive family history"
Finding and screening high-risk persons and families Diseased probands are treated without offering screening and risk reduction to their offspring
Targeted "full dose" education for high-risk persons . Shotgun low-dose publicity does not get enough information to the small percentage who need it most
Better follow-up of screening results . . . . . . . . . . . "When they screened me, they said I was high, but I never have been treated"
Better follow-up for compliance with medication. . . . "I stopped taking the medicine because I didn't feel any better"
Effective incentives for needed life-style modification . "I stopped smoking a dozen times"

If the entire effort in gene markers is concentrated on this
single methodology, one would expect improving efficiency
and increasing cost-effectiveness, enabling future screening
efforts to identify gene carriers in families with known major
gene disease predispositions.
Once markers are generally available, then known gene

carriers can be studied for other factors to identify exactly
which environmental factors affect a given gene's expression.
The net result will be a detailed definition of the step-by-step
processes in the pathogenesis of these major diseases. Exam-
ples are already available in illnesses such as type I diabetes
mellitus and low-density-lipoprotein-receptor defects in fa-
milial hypercholesterolemia. This level of understanding for
other major genetic syndromes will provide unprecedented
opportunities for disease prevention, amelioration and tar-
geted treatment.
Because these dramatic technologic advances are consid-

ered to be a near certainty by many experts, the real challenge
of the future appears to be the behavioral and social issues
highlighted in Table 5. Once disease prevention is under-
stood, the question is, can we motivate patients to follow
sound advice?
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